Sound velocity measurements on liquid propane from 90 to 300 K and for pressures to 34 MPa are reported. Also included are saturated liquid sound velocities from 90 to 290 K. The data were combined with Pe T data to compute compressibility and specific heat ratio. Comparisons were made to computed values of sound velocity of Goodwin and to the data of Lacam.
Introduction
Thermodynamic and transport properties of propane are valuable to the energy industry in the design calculations relating to the handling, transporting, and storage of liquefied natural gas. The data of this paper were obtained as part of a program to provide accurate thermodynamic properties data for propane to support the energy industry, especially the liquefied natural gas industry.
Measurements of sound velocity were made from 90 K to 290 K in the saturated liquid and from 90 K to 300 K and at pressures to 34 MPa in the compressed liquid.
Sound velocities, W, were related to the adiabatic compressibility, ks using w = (eks)-1/2 (1) and to the specific heat ratio, y, using
where P, e and T are pressure, density, and temperature respectively.
Experimental Procedure
Sound velocities were measured using a pulse superposition method. Pulses were generated with a 10 MHz quartz crystal and were allowed to reflect between a matched crystal mounted plane and parallel to the generating "This work was carried out at the National Bureau of Standards under the sponsorship of the Gas Research Institute. tThermophysical Properties Division, National Engineering Laboratory.
crystal. Pulses were generated at a rate such that the reflected pulses were superposed with the new pulses. This condition is detected with an oscilloscope by maximizing the resulting reinforced waveshape as seen by the receiving crystal. This technique, developed by Greenspan and Tschiegg [1] ; has been used on hydrogen [2], oxygen [3] , fluorine [4] , methane [5] , and ethane [6] in this laboratory and the apparatus is described in detail in the earlier publications. Uncertainty in the measured sound velocities is estimated to be 0.05 percent Temperatures were measured using a platinum resistance thermometer calibrated by the National Bureau of Standards on the IPTS 1968. Uncertainty in temperature is estimated to be 0.005 K at the lower temperatures and increasing to 0.03 K at 300 K6.
The sample propane was commercially available ultra high purity grade (99.97 mole percent propane).
Results
Experimental values of sound velocity and temperature for the saturated liquid are given in table I with the corresponding values of density, compressibility, and specific heat ratio. Table II gives the same quantities for the compressed liquid with the measured values of pressure on isotherms. Isotherms were at 10 K increments from 90 to 120 K and at 20 K increments from 120 to 300 K, and for pressures to 34 MPa. Densities, corresponding to the measured values of temperature and pressure were computed from the recent PeT surface of Goodwin [7, 8] . These data are shown in figure 1.
Experimental uncertainty in compressibility of 0.3 percent is a result of the combined uncertainties in density and sound velocity. The corresponding uncertainty for the specific heat ratio, y, is 4 percent which is due to the uncertainty in the derivative ( ~p h. Ethane has very low compressibility in the liquid ph~se, certainly so when compared with methane [5] and even with ethane [6] . The very rapid increase in pressure with respect to density puts considerable demands on the ability of the Pg T surface to produce this derivative accurately since a small uncertainty in density corresponds to a very much larger uncertainty in pressure. The uncertainty in the density measurements on which the Pg T is based will reflect in a much larger uncertainty in a calculated pressure and even more uncertainty in a calculated value of the derivative ( ~~ h. Lacam [9] has measured sound velocities at 298.15 K (25 0c) and at 25 K increments to 498.15 K (225 0c) for pressures to 101 MPa. Figure 2 shows a comparison of his 25 C isotherm to the 280 K and 300 K isotherms of this report, where Goodwin's [8] computed sound velocities were used to make the comparison. It can be seen that there is about 0.2 to 0.3 percent difference in the two sets of measurements, which is within the combined uncertainties of the measurements Lacam estimated his uncertainties at 0.3 percent in sound velocity exclusive of temperature and pressure uncertainty contributions. pressed fluid oxygen. J. Chern. Thermo. 5: 305-312; (1973) .
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